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Abstract 


Wilcox Group sediment in East Texas was derived from the Ouachita 
Mountains to the north and northeast and was deposited as a lower Tertiary 
succession that was informally divided in this study into a thin, progradational 
(deltaic) lower unit and a thick, aggradational (fluvial) upper unit. Deltaic 
and fluvial depositional systems in the lower and upper Wilcox were identified 
from regional lithofacies mapping that focused on the framework elements 
(thick sands). Lignite seams were operationally defined and mapped for each 
unit. A drilling program tested lignite in the deep basin and showed that 
lignite seams can be identified on electric and induction logs. The drilling 
program also tested and demonstrated the predictive capability of an evolving 
depositional model. Deep-basin resources in seams at least 5 ft (1.5 m) thick 
are approximately 5.5 billion short tons (5.0 billion metric tons). 

Lithofacies maps show that framework elements are elongate, channel-fill 
sands woven into ribbons displaying tributary patterns up paleoslope that 
give way basinward to distributary patterns linked across the alluvial/delta- 
plain transition by parallel reaches. As inferred from the size and orientation 
of the channel sand belts, major Wilcox rivers flowed southward down the 
axis of the East Texas Basin and southwestward along the west flank of the 
Sabine Uplift. The progradational lower Wilcox marks the initial basinward 
advance of the Wilcox shoreline and signals the onset of Tertiary offlap into 
the Gulf Coast Basin. Up paleoslope, to the north, the entire Wilcox is composed 
of thick alluvial cycles throughout, and the lower Wilcox is lost in equivalent 
facies or in postdepositional alluvial downcutting. 

Lignite seams punctuate the sedimentary sequence at vertical facies 
transitions. The thickest and most laterally extensive seams lie in Shelby and 
Panola Counties in lower Wilcox strata at the transition from the marine 
Midway Group to the deltaic Wilcox Group. Less continuous seams occur in 
Cherokee, Rusk, and Shelby Counties in the uppermost Wilcox just below the 
Carrizo Sand and in the lower part of the upper Wilcox above massive alluvial 
sands. Lower Wilcox lignite seams accumulated as regional blanket peats on 
an interdeltaic coastal plain and foundered deltas. Upper Wilcox lignite seams 
accumulated in interchannel backswamps associated with the alluvial/delta- 
plain transition. 


Keywords: deep-basin lignite, depositional systems, drilling, 
lignite resources, Paleocene-Eocene, Sabine Uplift, Texas, 
Wilcox Group 


Introduction 


The Sabine Uplift area of East Texas occupies 
four counties in the semicircular Wilcox outcrop 
and eight contiguous counties (fig. 1). Near-surface 
lignite resources in the area are substantial, about 
4 billion short tons (3.6 billion metric tons [t]) at 
depths of less than 200 ft (61 m) (Kaiser and others, 
1980), and they are being surface-mined from the 
lower Tertiary upper Wilcox Group at four mines 
(15.5 million tons [14.0 million t] in 1989). Deep- 
basin lignite between depths of 200 and 2,000 ft 
(61 and 610 m) is not economically recoverable at 
this time. Nevertheless, to meet future demand 
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large tonnages in the lower Wilcox may eventually 
be recovered by deep surface mining and 
underground coal gasification. 

Before the present study, lignite resources in 
the deep basin were always thought large, but few 
details were known about them. Although thick 
deep lignite seams had been identified in Panola 
and Shelby Counties as well as in neighboring 
Louisiana, nothing was known about their geology 
or lateral continuity. Thick seams had also been 
penetrated westward in Cherokee County. Fisher 
and McGowen (1967) mapped lignite-bearing fluvial 
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FIGURE 1. Study area, Wilcox outcrop, and geographic regions in East Texas. 
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and lagoon—bay systems, and Kaiser (1974) and 
Kaiser and others (1978) mapped Wilcox lignite in 
downdip counties. However, Kaiser and others 
(1978) did not include the Wilcox outcrop area or 
counties immediately south of the outcrop in their 
regional subsurface mapping. Therefore, in 
anticipation of future energy needs, this study was 
made to further evaluate Wilcox depositional 
systems and deep-basin lignite throughout the 
Sabine Uplift area. 

Lithofacies and lignite-occurrence maps were 
made from approximately 1,100 geophysical logs 
run in oil and gas wells (pl. 1). These consisted 
primarily of electric logs (long- and short-normal 
resistivity, long-lateral resistivity, spontaneous 
potential [SP]) and, secondarily, induction logs 
(fig. 2). Logs, arranged by operator and lease, and 
all data used to prepare the maps and cross sections 
are tabulated in the microfiche appendix. 

Lithofacies mapping focused on thick sands, here 
termed the maximum and major sands, to establish 
Wilcox depositional systems. Log response defines 
maximum sand as the single thickest sand of any 
thickness in the stratigraphic interval of interest, 
whereas a major sand is any sand of at least 40 ft 
(12.2 m) in thickness. Maximum-sand and major- 
sands maps can be made quickly without time- 
consuming measurement of all sands. Further- 
more, and of critical importance to this study, the 
maximum-sand map can be made in the four- 
county outcrop area where sand-percent and net- 
sand maps cannot because of the incompleteness 
of the stratigraphic section. 

Experience has shown that maximum-sand-map 
patterns are similar to those of sand-percent and 
net-sand maps (Kaiser, 1978). Delineated on 
maximum-sand and major-sands maps are the 
framework, or axial, elements of the depositional 
system; associated thinner and less continuous 
splay and overbank sands are excluded to accen- 
tuate the framework elements. Moreover, because 
thick sands control average hydraulic conductiv- 
ity of a stratigraphic interval, the maps can become 
tools for hydrologic evaluation (Fogg and others, 
in press). 

Lignite seams were operationally defined on 
electric and induction logs as those beds having 
a sharp resistivity spike (high resistivity) and a 
baseline, or shale, SP (Kaiser, 1974) (fig. 2). The 
latter is a function of low free-water content (low 
chemical activity) in lignite and its high resistiv- 
ity, bed thickness of generally less than 10 ft 
(<3 m), and variable shaliness. Lignite seams are 
most easily identified on electric logs. Opposite a 
lignite seam, the long-lateral curve (18-ft-8-inch 
spacing) responds to a lignite seam with a sharp 
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FIGURE 2. Identification of lignite seams on an 
electric log (No. 1 Miller) and a porosity log (RK-4- 
82) 15 ft (4.6 m) apart. Lignite seams operationally 
defined on electric log by resistivity spike, especially 
on lateral curve, and relatively positive SP. Lignite 
seams uniquely identified by low bulk density, high 
apparent neutron porosity, and low natural 
radioactivity. Wells located in Rusk County and 
identified on plate 1 as PI5 and RK-4. 


resistivity spike. This curve can record resistive 
beds as thin as 1 ft (30 cm). The long-normal curve 
(64-inch spacing) displays a reversal toward the 
baseline in resistive beds thinner than 64 inches 
(5.3 ft [1.63 mJ), or in those about 5 ft (1.5 m) 
thick, and is the basis for the separation of thick 
and thin lignite seams. The induction log is not 
well suited for identifying lignite seams less than 
4 ft (1.2 m) thick; thicker seams can be identified 
reasonably well using resistivity and curve shape. 
In an associated drilling program, lignite-rich areas 
delineated in subsurface mapping were drilled to 
test the predictive capability of an evolving depo- 
sitional model. 

Lignite seams cannot be easily distinguished 
from thin fresh-water sands or thin, high-resistivity 


Genetic Stratigraphy 


The Wilcox Group ranges in age from late 
Paleocene to early Eocene (Barker and Berggren, 
1977). Palynological and foraminiferal evidence 
supports the presence of the Paleocene—Eocene 
boundary somewhere within the Calvert Bluff 
Formation (figs. 1 and 3) (Berggren, 1965; Fairchild 
and Elsik, 1969; Elsik, 1978), the youngest of 
three formations in the Wilcox Group of east- 
central Texas, where it is divided into the Hooper, 
Simsboro, and Calvert Bluff Formations. The lower 
part of the Wilcox is definitely Paleocene. 

Northeast in the Sabine Uplift area, the 
Simsboro is no longer mappable, and the Wilcox 
cannot be formally divided. Thus, the Wilcox is 
informally divided in the southern two thirds of 
the area into a lower unit equivalent to the Hooper 
Formation and an upper unit equivalent to the 
Simsboro and Calvert Bluff Formations (fig. 3), 
whereas in the northeastern third of the area 
the Wilcox is undivided. The Calvert Bluff is 
thought to be equivalent to that part of the upper 
Wilcox of the Sabine Uplift area above the series 
of blocky sands informally referred to as the 
Simsboro facies (fig. 4). Because the Carrizo Sand 
is separated from the Wilcox by a regional marine- 
transgressive unit (Sabinetown Formation of 
Plummer [1932], herein considered an informal 
member of the Calvert Bluff Formation, fig. 4) and 
rests unconformably on the upper Wilcox at out- 
crop (Ayers and Lewis, 1985; Jones, 1986), it is 
not included in the Wilcox. The Carrizo and upper 
Wilcox represent distinct depositional episodes. 


carbonate-cemented sandstones (hard streaks), 
especially as formation water becomes fresher and 
the resulting SP is less well defined. Identifying 
lignite seams in the fresh-water column thus 
depends heavily on worker experience and intui- 
tion. Consequently, additional criteria were sought 
in this study to improve lignite identification on 
electric and induction logs. Because thousands of 
these logs are available in the Sabine Uplift area, 
and more reliable log analysis would greatly ex- 
pand our data base for improved resource assess- 
ment, electric and induction logs were calibrated 
for more reliable lignite identification using a 
suite of logs (density, focused resistivity, natural 
gamma) run in the associated drilling program 
that uniquely identifies coal seams. 
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FIGURE 3. Lower Tertiary stratigraphy and the 
occurrence of lignite in East Texas. 
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FIGURE 4. Deep-basin Wilcox stratigraphy in the Sabine Uplift area. Upper Wilcox massive sands are 
equivalent to the Simsboro (dark stipple) and upper Calvert Bluff (light stipple) Formations of east- 
central Texas. Lower Wilcox correlates with the Hooper Formation. Sabinetown marine transgressive 
member, lined; thick lignite seam, solid. Well located in Cherokee County and identified on plate 1 as 
Q56, the south terminus of cross section A—A’ (plate 2). 


In the Sabine Uplift area the lower Tertiary 
Wilcox contains 400 to 2,500 ft (122 to 762 m) of 
sand, mud, and lignite; it is thinnest in outcrop 
and thickens basinward where it attains thick- 
nesses of 1,000 to 2,500 ft (305 to 762 m). Wilcox 
strata are here divided in the subsurface into two 
informal genetic units on the basis of log char- 
acter (fig. 4). The relatively thin (200 to 500 ft 
[61 to 152 m]) lower progradational unit is defined 
by inverted-Christmas-tree (upward-coarsening) 
log patterns, whereas the thick (600 to 2,000 ft 
[183 to 610 m]) upper aggradational unit is defined 
by abundant blocky and Christmas tree (upward- 
fining) log patterns (Fisher and others, 1969; 
Kaiser, 1978). 

The lower progradational unit is typically 
cyclic; upward-coarsening sequences record the 
initial advance of the Wilcox over Midway marine 
muds. The top of the unit is marked by one or 
more lignite seams and a mud, possibly of marine- 
transgressive origin. Marine sediments top the 
equivalent unit (Naborton Formation) in Louisiana 
(Hogenson, 1980). The upper aggradational unit 
extends upward to the basal Claiborne Group 
(Carrizo Sand), defined as the first massive highly 
resistive sand encountered above the less resistive 
upper Wilcox (fig. 4). This heterogeneous upper 
unit contains blocky massive sands (interpreted 
as amalgamated channel-fill sands) and associated 


Structural Setting 


Major Wilcox structural elements in the study 
area include the Sabine Uplift, East Texas Basin, 
and Mount Enterprise Fault Zone (MEF7Z) (fig. 4). 
Three synclinal features are present: the axis of 
the East Texas Basin in central Smith County, a 
trough along the Rusk—Panola county line, and a 
faulted syncline in Marion County (pl. 5). North 
of the MEFZ, structural dip is gentle (0.2° to 0.4°) 
to the west off the Sabine Uplift, whereas dip is 
southward and considerably steeper (about 1°) 
south of the MEFZ. 

The MEFZ is a graben system that apparently 
acts as a hinge line dividing the area into gently 
and steeply dipping parts; it extends at least to 
the southeast corner of Panola County and affects 
three Wilcox horizons (pls. 5 through 7). The 
parallel and en echelon normal faults of the sys- 
tem have throws of 100 to 600 ft (30.5 to 183 m) 
on the Wilcox horizons. Throws are greatest on the 
southernmost faults, which are listric normal faults 


upward-fining sequences attributed to channel 
abandonment. Thin upward-coarsening sequences 
and rhythmic alternation of thin sand and mud 
beds (sawtooth log patterns) represent crevasse 
splay, channel-margin, and overbank deposits. 

The lower progradational unit extends basin- 
ward across the south and west parts of the study 
area downdip of outcrop, maintaining a thickness 
of 300 to 500 ft (91 to 152 m) (pls. 2 through 5). 
Updip, to the north and east, the Wilcox is com- 
posed of thick alluvial cycles throughout (pls. 2 
and 3); the lower unit either was never deposited 
or was eroded by postdepositional alluvial down- 
cutting to Midway muds during Wilcox offlap. 
Aggradational Wilcox facies are present throughout 
the area, thickening southwestward (basinward) 
to 2,000 ft (610 m) (pl. 2). Across the central part 
of the area the upper Wilcox maintains a thick- 
ness of 600 to 800 ft (183 to 244 m) (pl. 3), whereas 
across the south part its thickness is variable in 
outcrop (pl. 4), reaching about 1,400 ft (427 m) in 
Nacogdoches County and then thinning north- 
ward and westward to 800 ft (244 m) in Cherokee 
County (pl. 4). Thickening is clearly evident basin- 
ward to the southwest, whereas westward along 
the axis of the East Texas Basin, in western Smith 
and Cherokee Counties, the upper Wilcox actually 
thins (pl. 3, Q417, Q98, and ET5; pl. 5, ET1, Q204, 
and ET2). 


downthrown to the north (Jackson, 1982; Ferguson, 
1984). Faulting was initially triggered by Jurassic 
salt tectonism (Ferguson, 1984) and is coincident 
with gravity minima (unpublished proprietary 
data). Subsequent movement has probably not been 
salt related but has been perpetuated by 
sedimentary loading (Jackson, 1982). As was 
inferred from log analysis, some of the displacement 
was syndepositional because approximately 200 ft 
(61 m) of Wilcox overthickening is present in the 
central graben. Effects of salt tectonism may also 
be manifested in an anomalously thin upper Wilcox 
section in western Smith and Cherokee Counties, 
areas underlain by deep salt-related structures 
termed “turtle structures” (Jackson, 1982; Seni, 
1983, p. 222). Thinning due to post-Wilcox erosion 
along major, south-flowing Claiborne rivers is also 
suggested by massive sands in the lower Claiborne 
Group (pls. 3 and 4). 


Depositional Systems 


During the late Paleocene and early Eocene 
the Gulf Coast Basin in East Texas and Louisiana 
was filled primarily by major delta systems in 
the Mississippi Embayment (Holly Springs delta 
system; Galloway, 1968) and Houston Embayment 
(Rockdale delta system; Fisher and McGowen, 
1967) and secondarily by a fluvial system (Mount 
Pleasant fluvial system; Fisher and McGowen, 
1967) in the East Texas Basin (Ayers and Lewis, 
1985). These fluvially dominated systems pro- 
graded across the Lower Cretaceous shelf edge 
(fig. 5) and were supplied sediment by Wilcox rivers 
of continental proportions that tapped integrated 
drainage basins far beyond the Paleocene—Eocene 
coastal plain (Ayers and Lewis, 1985). 

Wilcox sediment in the Sabine Uplift area was 
derived from the Ouachita Mountains to the north 
and northeast or even partly from the southern 
Appalachians; it was transported across the west 
flank of the Sabine Uplift and along the axis of 
the East Texas Basin, where it was deposited in 
the East Texas and the Houston Embayments. 
Major rivers, as inferred from the size and 
orientation of channel sand belts, flowed south- 
ward down the axis of the East Texas Basin and 
were diverted to either side of rising salt domes 
into associated salt-withdrawal basins (Seni and 
Jackson, 1984). Major southwesterly flowing rivers 
on the west flank of the uplift were apparently 
localized by the Rusk—Panola trough (pl. 5). Wilcox 
rivers deposited a vertical sequence of prograda- 
tional (deltaic) to aggradational (fluvial) sediments 
hundreds to thousands of feet thick to form sites 
of organic accumulation—delta plains and inter- 
channel basins. 

Wilcox framework elements are elongate, 
channel-fill sands tens to hundreds of feet thick 
and a few thousand feet wide woven into multi- 
lateral ribbons connected to form complex channel 
networks. Tributary networks bifurcate up the 
paleoslope (northward), grading to distributary 
networks that bifurcate basinward (southward) 
(fig. 6). High-gradient trunk streams up paleoslope 
remained channel bound and infrequently shifted 
position, depositing thick, laterally restricted, 
multistory sand bodies. As gradient flattened down 
paleoslope on the delta plain, channel switching 
was frequent, yielding distributary networks that 
deposited multilateral sand bodies. The tributary 
and distributary channel networks are linked by 
parallel single- and anastomosing-channel reaches 
across a zone of transition here defined as the 


alluvial/delta-plain transition. The transition de- 
picted for the stratigraphic interval mapped (fig. 6) 
is an average position because the position of the 
transition fluctuated with the advance and retreat 
of the ancient shoreline. The thinner the interval 
mapped, the better the transition can be defined. 


Lower Wilcox 


The lower Wilcox is a progradational facies that 
represents the initial basinward advance of the 
Wilcox shoreline and signals the onset of Tertiary 
offlap into the Gulf Coast Basin. It comprises 20 
to 25 percent of the total Wilcox and is preserved 
across the south and west in basinal areas coin- 
cident with steepening structural dip (pl. 5). Maps 
and cross sections of the study area display sand- 
body geometries and progradational sequences 
characteristic of deltaic sedimentation. A delta 
system is clearly indicated by channel networks 
that bifurcate, or distribute, basinward (pls. 8 
through 10). This system derived sediment mainly 
from the northeast and advanced southward and 
southwestward as three deltas. The largest delta 
lies to the west in Cherokee County, where it 
prograded into the East Texas Embayment (fig. 5 | 
and pl. 8). A central delta, apexed along the 
Rusk-—Panola county line, has the elongate 
geometry common to deltas during their initial 
seaward advance (pls. 8 and 9). A third delta lies 
to the east in Shelby and Sabine Counties, 
extending out of De Soto and Sabine Parishes, 
Louisiana, into an embayment flanking the cen- 
tral lobe (pls. 8 and 10). Deltas were developed 
best in Cherokee County and became less well 
defined eastward, except for those along the 
Shelby—Nacogdoches county line and in Sabine 
County (pl. 10). The eastward decay of deltaic 
sedimentation reflects decreased deposition along 
the margins of a marine embayment (Pendelton 
lagoon—bay system of Fisher and McGowen, 1967). 
Sublobes advancing to the southwest off the cen- 
tral elongate delta terminate in southern Rusk 
County (pls. 8 and 9). Bifurcation and termination 
of sand thicks there coincide with the southern, 
upthrown side of the MEFZ (pl. 5), perhaps reflect- 
ing syndepositional movement and flattening of 
the drainage gradient, or an embayment between 
the western and central deltas (decreased depo- 
sition), or both. 
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FIGURE 5. Regional structural elements and Wilcox sediment source areas. 
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FIGURE 6. Maximum-sand map illustrating typical Wilcox channel networks and framework elements. 


Upper Wilcox 


The aggradational upper Wilcox was deposited 
mainly as a fluvial system and was named the 
Mount Pleasant fluvial system by Fisher and 
McGowen (1967). Later Kaiser and others (1978) 


studied it in detail and defined two major north- 
south-oriented channel sand belts. Upper Wilcox 
sediment was derived from the north and north- 
east and is preserved throughout the study area 
(pls. 11 through 13). Channel systems are well 
defined, displaying bifurcating tributary geometries 
to the north (up paleoslope) that pass downslope 


into parallel single- and anastomosing-channel 
patterns across the alluvial/delta-plain transition 
to become distributary basinward on the south 
and east. Major channel sand belts developed in 
a north-south orientation along the axis of the East 
Texas Basin in west Smith and Cherokee Coun- 
ties in response to filling of the embayment during 
lower Wilcox progradation. Northeast-southwest- 
oriented sand belts, preserved in the Rusk—Panola 
trough, cross Panola and Rusk Counties at the 
alluvial/delta-plain transition (pl. 11) and merge 
basinward with those to the west, where they 
lose their separate identities in Cherokee and 
Nacogdoches Counties. Along the axes of major 


Lignite 


Stratigraphy and 
Occurrence 


Lignite seams of greatest commercial impor- 
tance are at least 5 ft (1.5 m) thick, stratigraph- 
ically restricted—punctuating the vertical sequence 
at facies transitions—and geographically limited. 
Thick lignite seams lie in lower Wilcox strata at 
the transition from marine Midway to prograda- 
tional Wilcox sediments and at the top of the lower 
Wilcox transition from progradational to aggrada- 
tional facies (fig. 3). Thick upper Wilcox lignite 
seams primarily lie just below the Carrizo Sand 
and secondarily above massive, blocky sands in 
the basal part of the upper Wilcox (fig. 4) at the 
inferred transition from dominantly bed-load to 
mixed-load fluvial sedimentation (McGowen and 
Garner, 1970). Bed-load sedimentation is inferred 
from blocky sands (no systematic vertical change 
in grain size), whereas mixed-load sedimentation 
is inferred from upward-fining sequences (Christ- 
mas tree log patterns), characteristic of fine-grained 
fluvial deposits. 


Lower Wilcox 


At the base of the lower Wilcox in Shelby and 
Panola Counties lignite seams 5 to 10 ft (1.5 to 
3.0 m) thick and several miles in extent occur at 
the transition from marine Midway to deltaic 
Wilcox. Lignite seams rest on subtle upward- 
coarsening sequences (inverted-Christmas-tree 
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sand belts (trunk streams) Simsboro channel facies 
(fig. 4; pl. 2, for example, Q52, Q87, Q54, and Q56) 
are well developed, whereas up the paleoslope at 
the outcrop in northeast Texas (fig. 1) equivalent 
tributary channel facies are too thin and unmap- 
pable as Simsboro facies. Eastward, a secondary, 
distributary-like channel system extends out of 
Louisiana into Shelby and Sabine Counties, Texas. 
This system reflects more-distal deltaic sedimen- 
tation and progradation into a marine embay- 
ment, as evidenced by marine fossils in uppermost 
Wilcox transgressive sediments (Sabinetown mem- 
ber, fig. 4). 


log patterns) of very fine grained muddy sediment 
or platforms, defined on geophysical logs by slight 
leftward excursions of the SP and natural gamma 
curves (figs. 7 and 8). These platforms are thought 
to represent prograding, muddy shorelines on the 
margins of deltas. These seams lie east of the 
central, elongate delta (bar-finger complex) along 
the Shelby county line and are lost westward as 
they approach the delta and its fluvial feeders in 
Panola and Rusk Counties (pls. 4, 8, 9, and 14). 
Dip-elongate, fluvial sands to the north and west 
are facies equivalents of the progradational lower 
Wilcox and represent channel fills of trunk streams 
feeding lower Wilcox deltas (pl. 14, PA-3, PA-2, 
RK-1). West of these channel-fill complexes, lignite 
seams generally lie stratigraphically higher, near 
the top of the lower Wilcox (pls. 4, 8, and 14), and 
the occurrences of thick seams become smaller 
areally and fewer in number (pl. 15). Apparently 
these lignite seams accumulated across sandy 
delta-plain sediments as delta deposition ceased. 

The thick lignite seams in Shelby and Panola 
Counties (pl. 15) extend eastward into Louisiana 
as the Chemard Lake lignite interval (Naborton 
Formation). At the Red River, they are bounded 
by a fine-grained, channel sand complex on the 
west edge of the Holly Springs delta system 
(Galloway, 1968; Luppens, 1987). These lignite 
seams extend for 60 mi (96 km) between major 
delta systems in Texas and Louisiana and lie in 
the south part of the Sabine Uplift in an inter- 
deltaic embayment. They crop out in De Soto 
Parish, where they are mined at the Dolet Hills 
mine. 
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FIGURE 7. North-south cross section E—E’ illustrating stratigraphic occurrence of lower Wilcox lignite in 


Shelby County. See plate 1 for location of section. 


Major sediment input was directed to the west 
and east flanks of the Sabine Uplift along the East 
Texas Embayment and North Louisiana Basin, 
leaving a sediment shadow (less sandy sediment) 
on the south end of the uplift (fig. 9; pls. 12 and 
13). Likewise today, on the south end of the 
Wiggins Uplift, sediment bypassing leaves Lake 
Pontchartrain isolated and sediment deficient on 
the flank of the Mississippi delta, but too watery 
for peat accumulation. Thus, isolated from clastic 
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input, Wilcox organic matter was free to accu- 
mulate as regional, blanket peats in well-drained, 
hardwood swamps (Beckman, 1980) on a prograd- 
ing, muddy coastal plain. The area of extensive 
peat accumulation stretched across the Sabine 
Uplift and Arch (fig. 5) during a period when 
subsidence was slowed and the threat of marine 
transgression reduced. Consequently, the peat 
swamps became temporally stabilized and clastics 
deficient. 
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Upper Wilcox 


Upper Wilcox lignite seams lie stratigraphically 
in a 300-ft (91-m) interval immediately below 
the Carrizo Sand and above massive sands in the 
lower part of the interval (figs. 4 and 10; pls. 2, 3, 
and 14) and geographically in small isolated areas 
throughout the region (pl. 16). Thick seams are 
most numerous across north Cherokee and Rusk 
Counties; the most continuous deep seams straddle 
the Panola—Shelby county line and lie above the 
massive sands (pl. 14, SY-1). At the near surface, 
uppermost Wilcox lignite is mined at the South 
Hallsville, Darco, Martin Lake, and Oak Hill mines 
(pl. 16) where seams 5 to 12 ft (1.5 to 3.6 m) thick 
are present. 
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Because upper Wilcox lignite seams occupy 
interchannel areas between and parallel to channel 
sand belts, they are assigned a fluvial (backswamp) 
origin where organic matter accumulated in 
interchannel basins formed by bounding alluvial 
ridges or belts (pls. 11 and 16), a setting analogous 
to the Mississippi delta plain (Tye and Kosters, 
1986). The association of elongate occurrences of 
lignite and low-sand areas is well developed in 
Rusk and Smith Counties (pls. 11 and 16). Basin- 
ward, in southwest Cherokee County, lignite seams 
are associated with slightly bifurcating, or distribu- 
tive, channel networks, which is consistent with 
more distal accumulation on a delta plain. 

Thick lignite seams are associated with the 
alluvial/delta-plain transition and lie between 
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FIGURE 9. Principal delta lobes in the lower Wilcox Group of East Texas and Louisiana, structural ele- 
ments, and distribution of thick lignite seams. Lobes in Louisiana and Mississippi from Galloway (1968). 


major channel sand belts oriented northwest- 
southwest along the Rusk—Panola county line and 
north-south in west Cherokee County (pls. 11 
and 16). A postulated east-west shift from domi- 
nantly northeasterly sediment input in the east 
part of the study area, during Wilcox time, to 
dominantly northerly sediment input in the west 
during latest Wilcox and early Claiborne time, is 
suggested by hundreds of feet of Claiborne sand 
along the axis of the north-trending East Texas 
Basin in west Smith County (pls. 3 and 5). Note 
that the Rusk—Panola trough has disappeared or 
has become ill defined by the end of Wilcox 
deposition (pl. 6) and thus unable to focus north- 
easterly sediment input basinward, leaving the 
northerly input route dominant. Such a shift in 
dispersal pattern left areas to the east clastic poor 
and isolated, setting the stage for peat (lignite) 
accumulation in the uppermost Wilcox. Note that 
the lignite seams lie above northeast-oriented sand 
belts and that the mines currently exploiting 
these seams are at, or up paleoslope from, the 
alluvial/delta-plain transition (pl. 11 and fig. 11). 
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On the modern Mississippi delta, peat is thickest 
and laterally most extensive in association with 
this transition, accumulating in large interchan- 
nel basins such as the Des Allemands—Barataria 
and Atchafalaya Basins (Kaiser, 1978; Kosters and 
others, 1987). 

Lignite seams flank framework, channel-fill 
sands and are their organic facies, topping upward- 
coarsening sequences thought to represent crevasse 
splay and overbank deposits associated with near- 
by channel complexes. Crevasse splays lie mar- 
ginal to and largely above the channel fill of the 
associated trunk stream (note position of inverted 
Christmas trees, fig. 10, CE-1 and HTS-6; pl. 14, 
RK-4 and -1). Even though thick sands interrupt 
seam continuity (fig. 10), their association with 
lignite is both intimate and genetic and thus 
necessary to the initiation of peat swamps and 
subsequent organic accumulation because they 
provide platforms and enclosed basins for peat 
accumulation. When basins are large and isolated 
from clastics influx, thick, laterally extensive low- 
ash peats can accumulate. The size and stability 
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FIGURE 10. West-east cross section F—F’ illustrating stratigraphic occurrence of upper Wilcox lignite in 
Cherokee County. See plate 1 for location of section. 
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and Lewis (1985). 


of the fluvial system thus ultimately controls seam 
continuity, thickness, and quality. Apparently, 


small basin area and temporal instability limited’ 


the lateral continuity and number of thick peats, 
therefore accounting for the small areal extent of 
most of the thick, deep lignite seams in the upper 
Wilcox (pl. 16). 
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Resources 


The economic feasibility of recovering deep-basin 
lignite resources by deep surface mining, under- 
ground coal gasification, or eventual conventional 
underground mining depends on the presence of 


seams at least 5 ft (1.5 m) thick between depths of 
200 and 2,000 ft (61 and 610 m). Thick lignite in 
the lower and upper Wilcox lies in areas contain- 
ing one or sometimes two thick seams (pls. 15 
and 16). In this study, areas of thick seams were 
outlined using available well control and regional 
geology by first contouring the control points and 
then overlaying the respective isopleth maps 
(pls. 15 and 16) on the maximum-sand maps (pls. 8 
and 9). Areas were then adjusted, on the basis of 
interchannel, relatively sand-poor areas and rela- 
tive abundance of lignite seams, and calculated in 
square miles at a map scale of 1:250,000 using a 
0.25-inch (0.64-cm) grid. Resources were calculated 
by (1) converting square miles to acres, (2) 
assigning one 5-ft (1.5-m) seam to each individual 
area of thick lignite, assuming lateral continuity 
of the seam throughout the area, and (3) using 
1,750 short tons of lignite per acre-ft (table 1). 

The largest deep-basin lignite resources lie in 
the lower Wilcox. Resource areas are limited 
basinward by the —1,600-ft (488-m) sub-sea-level 
structure contour that approximates the 2,000-ft 
(610-m) depth line, assuming an average ground 
elevation of 400 ft (122 m) (pl. 15). All upper Wilcox 
resource areas are within 2,000 ft (610 m) of the 
surface. The +100-ft (+30-m) contour line delineates 
for uppermost Wilcox lignite resources the basin- 
ward limit of deep surface mining, assuming a 
depth of 300 ft (91 m) (pl. 16). Large deposits of 


near-surface resources occur in the upper Wilcox. 
Deposits such as South Hallsville and Oak Hill 
(fig. 11; pl. 16), completely basinward of the Wilcox 
outcrop, owe their shallow depth and therefore 
exploitability to a gentle northwesterly dip off the 
Sabine Uplift. A southwest-plunging nose in north 
Cherokee County is bounded on the south by 
the MEFZ, which places lignite resources in the 
northeast corner of the county at surface-mining 
depths (pls. 6 and 16). Generally, however, there 
is no apparent correlation between present-day 
structural configuration and distribution of lignite 
resources other than their greater depth in grabens 
of the MEFZ. 

Deep-basin lignite resources in the lower and 
upper Wilcox are 3,657 and 1,809 million tons 
(3,657 and 1,641 million t), respectively, for a total 
of 5,466 million tons (4,959 million t) (table 1). 
Most of the lower Wilcox resources (about 90 per- 
cent) lie in Panola and Shelby Counties, whereas 
most (about 64 percent) of the upper Wilcox 
resources are in Cherokee, Rusk, and Shelby 
Counties. The former lie in large areas covering 
central Panola County and most of Shelby County, 
whereas the latter lie in small areas in an arcuate 
band trending southwestward to northeastward 
across north Cherokee County into north Rusk 
County and curving southeastward through central 
Panola County to north-central Shelby County 
(pls. 15 and 16). 


TABLE 1. Deep-basin lignite resources by stratigraphic unit 
and county. 


Lower Wilcox 


Million 
short tons 

100.8 
50.4 
89.6 
112.0 
868.0 
2,436.0 
3,656.8 


County 
Smith 
Cherokee 
Rusk 


Nacogdoches 
Panola 
Shelby 


Subtotal 
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Upper Wilcox 


Million 
short tons 

224.0 
190.4 
347.2 
442.4 
89.6 
95.2 
375.2 
44.8 
1,808.8 


5,465.6 


County 


Harrison 
Smith 
Cherokee 
Rusk 
Nacogdoches 
Panola 
Shelby 
Sabine 
Subtotal 


TOTAL 


Field Program 


A field program of drilling, logging, and coring 
was funded by the Texas Natural Resources 
Advisory Council (TENRAC) and coordinated by 
the Bureau of Economic Geology (BEG). It was 
designed to facilitate lignite identification on 
electric and induction logs, to test for deep thick 
lignite seams, to test an evolving depositional model 
(Kaiser, 1982), to recover lignite for character- 
ization, and to evaluate aspects of the hydrology 
in the deep basin (Kaiser and others, 1986a). 
Drilling locations were selected using lignite- 
occurrence and maximum-sand maps in accordance 
with the depositional model. Priorities were (1) to 
test for the presence and westward extent of thick 
lower Wilcox lignite seams in Panola and Shelby 
Counties and (2) to test for upper Wilcox seams in 
west Rusk and north Cherokee Counties. Con- 
sideration was also given to identifying locations 
that would be suitable for subsequent hydrologic 
testing. Twenty-one holes were drilled to depths 


between 494 and 1,820 ft (151 and 555 m); four of 
these were offset and cored to recover deep lignite 
for chemical analysis (pl. 1). 

Density logging shows that the operational 
definition of lignite seams works well for seams at 
least 5 ft (1.5 m) thick but is less definitive for 
thinner seams. Nevertheless, thin seams can be 
identified by using relative SP and resistivity 
response; they are reflected in a characteristic 
lateral-curve spike, flat response or reversal of the 
64-inch normal, and subtle inflection points or 
shoulders on the 16-inch normal (fig. 2). Relative 
resistivity can be used to separate lignite seams 
and hard streaks. Thin seams commonly have 
resistivities that range from 10 to 20 ohm-m, 
whereas hard streaks range in resistivity from 15 
to 200 ohm-m; only thick seams have resistivities 
greater than 20 ohm-m. In such a case thickness 
serves to distinguish the two because hard streaks 
are almost always thin. Fewer lignite seams were 


TABLE 2. Number of lignites and thickness of maximum 
sands: predicted versus actual. 


Lignite 
Predicted 
total >5 ft 


0 3 


2 
2 
3 
2 
2 
3 
2 
1 
2 
0 
0 
1 
1 
1 
2 
2 
3 
3 
4 
3 
5 


Oo KF OOF BRK kK FP OOF OO OF OOF 
ra a mon WRK DY KP RK NK D WOW & 


Actual 
total >5 ft 


no FF FP KH Oo FP kK OO OF COCO NN CO KH K& bo 
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Maximum sand 
Predicted Actual 
range (ft) thickness (ft) 


20 — 40 
40 —80 
40-80 
20 — 40 
<20 
40 — 80 


40-80 
20 — 40 
20 — 40 


identified on electric and induction logs than 
were found in TENRAC/BEG drilling because of 
our conservative bias and uncertainty in identify- 
ing thin seams (table 2). The additional seams 
identified on TENRAC/BEG logs were typically 
2 to 3 ft (0.6 to 0.9 m) thick. 

Drilling confirmed the stratigraphic distribution 
of lignite established in regional mapping of 
operationally defined lignite. Maximum-sand maps 
were successfully used to predict sand thickness 
and seam continuity. Maximum-sand thicknesses 
were within the estimated range in 12 of 21 
instances and outside the range by 15 ft or less in 
4 other instances (table 2). 

Wells SY-1, SY-2, SY-3, and SY-5 confirmed the 
presence of thick lignite seams in the lower Wilcox 
in Shelby and Panola Counties (pl. 15). These 
seams were originally mapped by Kaiser (1974) as 
hard streaks because of their stratigraphic occur- 
rence just above the Midway in muddy sequences 
of presumed marine origin (figs. 7 and 8). However, 
companion drilling and density logging improved 
the identification of lignite seams on electric and 
induction logs (figs. 2 and 8). Well SY-5 was drilled 
to test the depositional model. Four areas of 
thick, operationally defined lignite converged on 
the SY-5 site, an area of no data in an interpreted 
delta-flank location (Kaiser and others, 1986b). The 
well penetrated a 10-ft (3-m) seam at a depth of 
1,519 ft (463 m) as well as three thinner seams in 
the lower Wilcox (fig. 7). 

Wells PA-1, PA-2, and PA-3 were drilled to trace 
thick Panola County lignite seams westward, but 
no thick seams were penetrated. Wells RK-1 and 
-2 also were drilled to trace thick lignites west- 
ward, as well as to test the maximum-sand 
mapping. As postulated, Shelby and Panola lignite 


Conclusions 


(1) Wilcox Group sediments, informally divided 
into a thin progradational lower unit and a thick 
agegradational upper unit, were derived from the 
north and northeast and deposited as an upper 
Paleocene to lower Eocene deltaic to fluvial vertical 
succession as much as 2,500 ft (762 m) thick. 

(2) Wilcox tectonic elements (Sabine Uplift and 
East Texas Basin) served to focus and receive 
sediment that was shaped by Wilcox bed- and 
mixed-load rivers into platforms and basins for peat 
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seams were lost westward toward the central 
channel sand belt in Rusk County. No thick seams 
were found, and maximum sands were more than 
80 ft (24 m) thick (table 2; pl. 14). 

Wells RK-3 and -4 were drilled to test upper 
Wilcox lignite seams and the possible westward 
extent of near-surface seams in north Rusk County 
into the deep basin. Thick seams were found in 
the upper and lower Wilcox (pl. 14). Control was 
meager and thus their full extent is unknown, 
although the seams are probably limited to the 
west by a channel system along the Rusk—Smith 
county line (pl. 13). 

Well CE-1 was drilled to establish a western 
boundary for thick, uppermost Wilcox lignite seams 
present in northeast Cherokee County. Thick seams 
were penetrated in hydrologic tests HST-5 and -6 
drilled east and southwest of CE-1. These wells 
are in a major channel sand belt, and seam 
continuity is limited by channel-fill sands (fig. 10). 

Well SH-1 (pl. 14) was drilled to test for the 
presence of lignite seams structurally basinward 
at the lower Wilcox alluvial/delta-plain transition 
as well as in tributary facies of the upper Wilcox 
(pls. 10 and 13). The lateral extent of the thick 
seam at 1,034 ft (315 m) is uncertain. Well NS-1 
(pl. 4) was drilled to facilitate identification of 
lignite seams on abundant electric and induction 
logs in the Trawick gas field, which was being 
studied in detail (Ambrose, 1986) and being con- 
sidered as a potential site for hydrologic testing. 
Presumably seam continuity is limited here too 
(as in Cherokee County) by channel-fill sands or 
small interchannel basins. The potential for thick 
seams in Nacogdoches County is highest east of 
NS-1 (pls. 8, 9, and 16) in areas flanking the central 
delta. 


accumulation. A channel system aggrading diag- 
onally across the Sabine Uplift and lignite seams 
near its crest indicate that the uplift was subsid- 
ing during Wilcox deposition, but less rapidly 
than the surrounding basinward areas. 

(3) The thickest, most laterally extensive lignite 
seams in the deep basin lie in the lower Wilcox of 
Panola and Shelby Counties, having accumulated 
on an interdeltaic coastal plain in a sediment 
shadow on the south end of the Sabine Uplift. Thick 


seams in the upper Wilcox of Cherokee, Rusk, and 
Shelby Counties are associated with the alluvial/ 
delta-plain transition and thick channel-fill sands. 

(4) For significant peat accumulation, large 
fluvial systems are required; they have large, 
temporally stable, clastic-poor, interchannel basins 
that are capable of producing thick, continuous, 
low-ash coals, whereas systems of limited size and 
stability are destined to produce mainly thin, high- 
ash coals of limited lateral continuity. Consequent- 
ly, the association of thick, multistoried and/or 
multilateral sands and thick coals is genetic. In 
the deep basin, small interchannel basins limited 
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PLATE 12. PERCENT-MAJOR-SANDS MAP 


Cartography by John T. Ames and Joel L. Lardon 
under the supervision of Richard L. Dillon. 
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